Abstract Whde hypertension 1s known to cause left ventrlcular and vascular hypertrophy, the relatlonshlp between alteratlons of vascular and cardiac structures m patients with hypertrophlc cardiomyopathy has not been fully clarified We measured mtlma-media thickness of carotid arteries by ultrasonography m patients with hypertrophlc cardiomyopathy (n= 16), normotenSlve subJects (n=3.58), and hypertensive subjects (n=386) m a cohort of 7940 male employees of a bus company Our obJect was to determine whether vascular alteration occurs m hypertrophlc cardiomyopathy similarly as m hypertension Hypertrophx cardiomyopathy (wall thickness 2 15 mm, asymmetrical hypertrophy without hypertension) was screened with family history and electrocardiography followed by echocardlography The mtlma-media thickness m patients with hypertrophlc cardlomyopathy (mean, 0 61 mm) did not differ from that of normotenslve SubJects (0 60 mm) but was slgmficantly less than that of hypertensive SubJectS with left ventricular hypertrophy (wall thickness ~14 mm, n=22, 0 73 mm) In a scatterplot of mtlma-media thickness versus mterventrlcular septal thickness, these two parameters were slgmficantly correlated m normotenslves and hypertenslves The patients with hypertrophx cardiomyopathy distributed outside the 95% confidence range of the normotenslve and hypertensive subJects In summary, the mclease m mtimamedia thickness of the carotid artery paralleled left ventrrcular hypertrophy m normotensive and hypertensive subJects Patients with hypertrophlc cardiomyopathy had a normal mtlma-media thickness regardless of the hypertrophled left ventricle Thus, mformatlon on mtlma-media thickness may be useful m dlfferentlatmg hypertensive left ventricular hypertrophy from hypertrophlc cardiomyopathy (Hypertension. 1997;29[part 21: 361-365.) Key Words l risk factor l left ventricular hypertrophy l echocardiography hypertrophy m HCM remains unknown; however, the presence of abnormal myocardial calcium kmetlcs, I2 I? abnormal sympathetic stimulation, 14,~ an abnormally thickened intramural small coronary arterylal" (which may cause myocardial ischetma), and structural abnormalitles mcluding catenoid configuration of the septum have been suggested. 15.17 Recent studies have shown that abnormalities of genes that encode myosm heavy chains and others are associated with HCM.l*,'9 It 1s possible that some of these etiologies may also stimulate prohferatlon and hypertrophy of vascular smooth muscle cells and cause vascular hypertrophy Indeed, it has been reported that the intramural coronary small arteries m patients with HCM demonstrate a marked medial hypertrophy.10.16 However, alterations of large arteries have not been fully clarified; only one study examined the carotid artery by ultrasonography m patients with HCM in comparrson with a small number of normotenslve and hypertensive patients 20 Since IMT is influenced by various nsk factors, a comparison requires a large study population. l-5 Questions to be clarified in the present study were as follows. (1) whether the relationship between vascular and cardiac hypertrophy also exists m a larger population; (2) whether IMT of the carotid artery in HCM patients 1s normal or increased; and (3) whether the measurement of IMT by ultrasonography provides addltlonal diagnostic information for HCM and hypertensive LV hypertrophy To answer these questions, we measured IMT of carotid arteries and LV wall thickness echographically m hypertensive and normotensive subjects as well as in patients with HCM m one work-site population. 
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Yusuke Ohya, Isao Abe, KOJI FUJII, Kazuo Kobayashl, Uran Onaka, Masatoshl FuJ'shlma Abstract Whde hypertension 1s known to cause left ventrlcular and vascular hypertrophy, the relatlonshlp between alteratlons of vascular and cardiac structures m patients with hypertrophlc cardiomyopathy has not been fully clarified We measured mtlma-media thickness of carotid arteries by ultrasonography m patients with hypertrophlc cardiomyopathy (n= 16), normotenSlve subJects (n=3.58), and hypertensive subjects (n=386) m a cohort of 7940 male employees of a bus company Our obJect was to determine whether vascular alteration occurs m hypertrophlc cardiomyopathy similarly as m hypertension Hypertrophx cardiomyopathy (wall thickness 2 15 mm, asymmetrical hypertrophy without hypertension) was screened with family history and electrocardiography followed by echocardlography The mtlma-media thickness m patients with hypertrophlc cardlomyopathy (mean, 0 61 mm) did not differ from that of normotenslve SubJects (0 60 mm) but was slgmficantly less than that of hypertensive SubJectS with left ventricular hypertrophy (wall thickness ~14 mm, n=22, 0 73 mm) In a scatterplot of mtlma-media thickness versus mterventrlcular septal thickness, these two parameters were slgmficantly correlated m normotenslves and hypertenslves The patients with hypertrophx cardiomyopathy distributed outside the 95% confidence range of the normotenslve and hypertensive subJects In summary, the mclease m mtimamedia thickness of the carotid artery paralleled left ventrrcular hypertrophy m normotensive and hypertensive subJects Patients with hypertrophlc cardiomyopathy had a normal mtlma-media thickness regardless of the hypertrophled left ventricle Thus, mformatlon on mtlma-media thickness may be useful m dlfferentlatmg hypertensive left ventricular hypertrophy from hypertrophlc cardiomyopathy (Hypertension. 1997 The study group was part of a cohort of 7940 male employees of a bus and railway company in the Fukuoka area, Japan Females were excluded from the present analysis because they constituted only a small portion of the populatton To detect cardtovascular dtseases mcludmg cardiomyopathy, an annual health check (chmcal htstory, BP measurement, ECG, and chest roentgenogram) was performed m all employees at their offices as the mittal screening SubJects with any chest symptom, ECG change (ST-T change, frequent premature beats, abnormal Q wave, and high voltage), elevatton of BP (>150/95 mm Hg, measured at then offices), or a history of cardtovascular disease were mvtted to the company's healthcare center for further evaluatton by echocardiography, exercise ECG, and Holter ECG, as well as ultrasonography of bilateral carotid artertes (n= 1074) The study protocol was approved by commtttees m the healthcare center and our department, and Informed consent for parttcipatton was obtamed from these SubJects Of 1074 subJects who had visited the healthcare center, the followmg SubJects were excluded from the analysis (n=288) those with coronary heart disease, congestive heart failure, "athlete's heart," and valvular heart dtsease, as well as those with echocardtogram of inadequate quality for esttmatton of LV parameters
In the present analysts, cardromyopathy was diagnosed by two-dimenstonal B-mode and M-mode echocardtograms and the status of hypertension HCM was defined by the followmg criteria (1) presence of asymmetrical LV wall hypertrophy (ratto of hypertrophted wall thickness to posterior wall thrckness 2 1 3), (2) hypertrophted LV wall thtckness of 2 15 mm, and (3) absence of hypertension (n=l6) rottzr Apical HCM was diagnosed by the presence of hypertrophy m the apical regtontt as determined by echocatdrography or scmttgraphy with the presence of a giant negative T wave m ECG and absence of hypertension (n=6) Patients with apical HCM were excluded from the present study because the evaluation of wall thickness was difficult Borderlme SubJects who were suspected to have HCM but dtd not meet the criteria were also excluded from the analysts; for example, SubJects who met criteria 1 and 2 for HCM but had hypertension (n=l5), subJects who met criteria 2 and 3 but whose hypertrophy was diffuse (n=2), SubJects who met criterta 1 and 3 but had LV wall thickness <15 mm (n=2), and subJects wtth a family htstory of HCM but who had only mtld LV hypertrophy (n= 1).
Finally, data were analyzed for 760 male SubJects (age range, 18 to 65 years old, 358 normotensive SubJects, 386 hypertensive subJects, and 16 with HCM) Hypertensive SubJects (BP ~140/ 90 mm Hg measured at the healthcare center or taking antthypertenstve drugs) were subdivided mto three groups based on thtckness of the mterventrtcular septum (<13 mm, HTl, n=312, 213 mm but <I4 mm, HT2, n=52, ~14 mm, HT3, n=22, 13 and 14 mm represent the 95th and 99th percentiles m the normotensive group)
Cardiac and Arterial Morphology
To evaluate LV parameters, echocardtography (two-dimensional targeted M-mode) was performed with an ultrasound tmager (SSA-160A, Toshiba Medical Co Ltd) with either a 2 5-or 3 75-MHz transducer by expert doctors (Y 0 , I A, K F , U 0 , and K K ), as has been reported by our group ** End-dtastobc and end-systoltc LV diameters and thickness of mterventrtcular septum and posterior wall were obtained accordmg to the Penn conventton In some HCM pattents, measurement was also made from the B-mode image accordmg to the recommendattons of the American Soctety of Echocardtography 23 Average values from at least three cardiac cycles were used for data analysis LV mass was calculated using the formula of Devereux and Retchek 24 Measurements were made by one doctor (Y 0 ) blmded to patient information Structure of the common carotid artery was evaluated by the ultrasound tmager (SSA-160A) with a 7 ~-MHZ transducer, as has been reported by our group 25 Longttudmal B-mode images at the diastolic cardiac cycle were recorded by a smgle tramed techmctan The images were magnified and prmted using a htghresolutton lme recorder (LSR-lOOA, Toshiba) Measurements of IMT were made using fine slide calipers by one techmctan who was blinded to pattent mformatton The mttma-media complex was measured at three pomts on each side 1 to 3 cm proximal to the carotid btfurcation, where dtffuse maxtmal thtckness was observed but no plaque was present The mean of these SIX measurements was used as IMT The wrthm-observer coefficient of reltabtltty for readmg of IMT was r> 90 IMT was loganthmttally transformed to improve skewing m stattsttcal analysts Clinical Parameters BP was measured m the right arm uvmg the first and fifth phases of Korotkoff sounds by mercury sphygmomanometer after at least 5 minutes of rest m the stttmg posttton Measurements were repeated three times, and the average of the lower two values was used for analysts Body mass index (body wetght dtvtded by squared height) was used as a marker for obesity Smokmg status was assessed through an interview conducted by expert nurses Blood was taken for measurements of serum chemistry and hemoglobm At, m the morning after an overmght fast
Statistical Analysis
Data are expressed as mean?SD except for IMT Data for IMT are expressed as means with 95% confidence interval Stattsttcal analysts was performed by usmg SAS software, verston 6 07 Differences between groups were assessed by ANOVA with multiple comparison test (Scheffe's test) m an ANOVA procedure Simple and stepwise regresston analyses were performed by CORR and REG procedures, respectively AdJusted mean values were obtained by analysis of covarrance using the GLM procedure To obtain Mahalanobts's generalized dtstance (D), the followmg equation was used (1) D*=(2,2+2,2-2 r z, z,)/( 1 -r2), Z,=(X-a)/Sxr zy=(y-f)/sy where r 1s the correlation coeffictent, ? and 9 are means, and s, and sy are standard devtations for x and y variables, respectively A value of P< 05 was regarded as statistically srgmficant
Results
Cltntcal charactertsttcs of the five groups are listed tn differ but was lower than that m any hypertension group Cholesterol level, creatmine level, and hemoglobm AI, did not differ among the groups. The percentage of smokers was equal in all the groups, but the percentage of ex-smokers was higher m the HCM group Table 2 shows the results of echocardlography and carotid ultrasonography The values for mterventrlcular septal thickness, posterior wall thickness, LV mass, and LV mass index ranked m descenclmg order among non-HCM WbJects, HT3, HT2, HTl, and normotenslve groups. In the HCM group, mterventricular septal thickness was the highest of all groups The posterior wall thickness m the HCM group was higher than that m the normotennve, HTl, and HT2 groups. LV dlastohc dimension m the HT3 and HCM groups was smaller than that m the HTl group IMT was largest m the HT3 group, followed by the HT2, HTl, and normotenslve groups. IMT m the HCM group was the same as that m the normotenslve group and smaller than that m the hypertensive hypertrophy group. Since age and body mass index among subject groups differed significantly, IMT was adjusted for age and body mass index (Fig 1) . Results remained the same even when IMT was adjusted for age and BMI
The relationship between IMT and mterventncular septal thickness for each subject 1s shown m Rg 2 The IMT and mterventncular septal thickness correlated sigmficantly in normotensive and hypertensive subjects without HCM (r= 259 for normotensives, n=358, P< 001, r= 209 for hypertenslves, n=386, P< 001, and r= 239 for both, n=744, P<.OOl). The 95% confidence ellipse (Mahalanobls's ellipse of constant distance) obtained from subJects without HCM was superimposed on the scatterplot Points for all 16 patients with HCM distributed outside the confidence ellipse Relationships among the various clinical parameters, IMT, and mterventrlcular septal thickness were evaluated in the hypertensive and normotenslve subjects who were free from antihypertensive, antidiabetic, or cholesterollowering drugs (n=589) Simple correlation of parameters with IMT and interventricular wall thickness are shown m Table 3 . Age, BP, body mass index, cholesterol level, and hemoglobin AI, were correlated with both interventricular septal thickness and IMT, respectively; however, smoking status was not correlated with either IMT or mterventncular septal thickness.
In multiple regression analysis, age, body mass index, and systolic BP were selected as significant determinants of mterventrlcular septal thickness. For IMT, age, systolic BP, total cholesterol, and mterventrlcular septal thickness were selected as significant determinants This result suggests that the relationship between IMT and mterventncular septal thickness remained even after corrected for age, BP, cholesterol level, hemoglobm A[,, and body mass index
Discussion
The major findings of the present study are as follows (1) IMT of patients with HCM was the same as that of normotensive SubJects; (2) IMT and LV wall thickness were increased m parallel m non-HCM subjects, and (3) m the scatterplot of IMT versus mterventrlcular septal thickness, patients with HCM distributed outside the 95% confidence ellipse of normotenslve and hypertensive SubJects. The prevalence of HCM, as determmed by echocardlography m a general population and m a work-site population, has been reported 26-28 In the CARDIA (Coronary Artery Risk Development m Adults) study, the prevalence was 0.26% m men and 0.09% m women m a young general populatlon.27 The prevalence m the Frammgham cohort was 0 17% 26 Another study showed the prevalence m adult workers m Japan to be 0 3% 28 Our prevalence of HCM m adult male workers was =0.2%, but when apical HCM was included, the prevalence became 0 3% Thus, prevalence of HCM m the present study did not differ from those m previous studies However, the prevalence m our study may still be underestimated This 1s because the criterra of the present study were relatively strict, and our screening might miss HCM patients who lack either an ECG abnormality or family history.
IMT m HCM patients was the same as that in normotenslve SubJects. In contrast, IMT in hypertensive subjects with LV hypertrophy was greater than that m normotensive subJects and hypertensive SubJects without LV hypertrophy. These results remained the same after IMT was adJusted for age and BMI Since cholesterol level and he- It has not been fully clarified what factor mediates LV hypertrophy and vascular hypertrophy m non-HCM subjects Since age and BP showed significant correlation with both carotid IMT and LV wall thickness, age and hypertension may mediate the relationship. In hypertension, an increased hemodynamlc load due to hypertension would cause both vascular and cardiac hypertrophy Since this correlation between IMT and LV wall thickness existed even after correction for age, BP, cholesterol level, hemoglobm AI,, and body mass index, factors other than these risk factors (eg, anglotensin II, msulm and other growth factors, and some genetic factors) might also be involved m the relationship Recent studies showed that msuhn resistance and hypermsuhnemla are associated with LV structural change,**,29930 as well as with increased IMT 3~~ It has been also reported that the polymorphism of the anglotensm-converting enzyme gene is associated with LV hypertrophy33 and increased IMT 3435
The hmitatlons of the present study are as follows. First, we studied only male employees who had been selected from one work site While this 1s relatively genera1 compared with hospital patients, it does not represent a general population Thus, the conclusion may not be applicable to female SubJects or a general population Second, our dlagnosls of HCM depended on echocardlographlc observations Studies using genetic dlagnosls1***9 are required to confirm the present observation
In conclusion, we have shown that the IMT of patients with HCM 1s normal regardless of the hypertrophled LV. In contrast, carotid IMT and LV wall thickness increase m parallel m hypertension. Thus, mformatlon about the IMT of the carotid artery may be useful m the diagnosis of hypertensive LV hypertrophy and HCM. 
